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Globally, acute malnutrition triggers more than 50% of childhood mortality in children under 5 years old, which implies 
that about 3.5 million children die of malnutrition each year. Prior to the advent of ready-to-use therapeutic food 
(RUTF), the management of acute malnutrition was limited to hospitals, resulting in low coverage rates with high 
mortality, as malnourished cases were indentified at later stages often plagued with complications. However, current 
availability of RUTF has enabled malnourished children to be treated at communities. Further, because RUTF is 
dehydrated and sealed, it has the added advantage of a lower risk of bacterial contamination, thereby prolonging 
its storage life at room temperature. Recent data indicate that Community Management of Acute Malnutrition (CMAM) 
is as cost effective as other high-impact public health measures such as oral rehydration therapy for acute diarrheal 
diseases, vitamin A supplementation, and antibiotic treatment for acute respiratory infections. Despite the high effi- 
cacy of CMAM programs, CMAM still draws insufficient attention for global implementation, suggesting that CMAM 
programs should be integrated into local or regional routine health systems. Knowledge gaps requiring further re- 
search include: the definition of practical screening criteria for malnourished children at communities, the need for 
systematic antibiotic therapy during malnutrition treatment, and the dietary management of severe malnutrition in 
children below 6 months of age. (Pediatr Gastroenterol Hepatol Nutr2012; 15: 210~219) 
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INTRODUCTION dicates under-nutrition including protein-energy 



der-nutrition and over-nutrition, it generally in- years of age were wasted in 2011. Despite an 11% de- 
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Although the term malnutrition refers to both un- 



malnutrition and deficiency of micronutrients. 
It is estimated that 52 million children under-five 
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crease in wasting cases since 1990 [1], wasting mal- 
nutrition still affects 8% of all children under 5 years 
old. Wasted children are at substantial increased risk 
of severe acute malnutrition and death, with malnu- 
trition accounting for over 50% of all child deaths 
worldwide [2]. Although at least one million child 
deaths are directly caused by malnutrition [3], acute 
malnutrition may predispose up to 3.5 million chil- 
dren under 5 years old to death [4] . If malnutrition 
were properly addressed, at least one third of child 
mortality and morbidity could be averted [5]. It is al- 
so speculated about 11% of the total global dis- 
ability-adjusted life-years are due to childhood 
malnutrition. Geographically 70-80% of under- 
nourished children of the world live in developing 
countries [2,6]. 

In addition to predisposing children to death, mal- 
nutrition often affects a child's immune system 
[7,8]. Malnutrition has seldom detectable effect on 
antibody responses to parenteral vaccines [9]. On 
the contrary some researches indicated malnutrition 
dampens immune response to oral vaccines [10]. 
Furthermore low efficacy of several oral vaccines in 
developing countries is speculated to attribute to 
malnutrition [11-14] though this low performance is 
not consistent with other reports [15-17]. 

Malnutrition may be measured in manyways. 
Clinical grading standard, weight-for-height (WFH) 
index, height-for-age (HFA) index, weight-for-age 
(WFA) index, body mass index, and skin fold thick- 
ness are among those utilized most frequently in the 
field. 



Generally, there are three different forms of mal- 
nutrition resulting from different causes (Table 1). 
Acute malnutrition results from acute food depriva- 
tion and is defined by a decrease of two standard de- 
viations (SD) below the WFH index. Severe acute 
malnutrition is often complicated by diarrhea, respi- 
ratory infection and malaria and is defined by a de- 
crease of three SD below the WHF index. However, 
chronic malnutrition, described as stunting, is de- 
fined by a decrease of two SD below the HFA index. 
In addition, a composite form of both stunting and 
wasting is defined by a decrease in the WFA index. 

The WFH index is usually quantified using a SD 
score (Z value, WHZ), which is defined as the devia- 
tion of the value for an individual from the median 
value of the reference population (Z=(x-v)/0 
where x indicates the body weight of a child, v de- 
notes the median value of the reference population, 
and o represents the standard deviation of the pop- 
ulation). 

For children aged between 6 and 60 months, the 
criteria for severe acute malnutrition proposed by the 
World Health Organization (WHO) and the United 
Nations Children's Fund (UNICEF) include any of 
the following: 1) WFH index below three SD or Z 
scores of the median WHO growth reference (2006), 
2 ) visible severe wasting, 3 ) presence of bipedal ede- 
ma; and 4) mid upper arm circumference (MUAC) 
below 115 mm [18]. 



Table 1. Classification of Malnutrition 





Criteria* 


Type of malnutrition 




Moderate malnutrition Severe malnutrition 



Acute index Weight for height (WFH) index <2 SD T < 3 SD 

Bipedal edema No Yes/regardless of WFH 

Chronic Height for age index Below 2 SD 

Combined Weight for age index Below 2 SD 



*For further information about anthropometric indicators, see reference [1]. Below the median World Health Organization 
reference; the standard deviations (SD) score (Z value) is defined as the deviation of the value for an individual from the median 
value of the reference population, divided by the standard deviation of the reference population. WFH: weight-for-height, HFA: 
height-for-age, WFA: weight-for-age. 
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MANAGEMENT OF SEVERE ACUTE 
MALNUTRITION 

The Ethiopian famine in the mid- 70s required ef- 
forts to treat large numbers of children with severe 
acute malnutrition [19]. In 1999, the WHO revised 
the management manual reflecting advances in the 
understanding of the pathophysiology of acute mal- 
nutrition [20]. These advances include malnutrition 
associated immunosuppression [2 1,22], new knowl- 
edge on the function of protein [23], and anti- 
oxidants in the pathogenesis of malnutrition. This 
revision with minor adaptations forms the base of 
current major guidelines [20,24,25], including the 
WHO/UNICEF initiative for Integrated Management 
of Childhood Illness [26]. 

The WHO/UNICEF manual is composed of ten 
steps in two phases: the stabilization phase and the 
rehabilitation phase (Table 2). The stabilization 
phase requires up to seven days and involves restor- 
ing homeostasis while treating medical compli- 
cations. The rehabilitation phase includes rebuilding 
wasted tissues and may take several weeks. 

Currently, inpatient care is recommended for chil- 
dren with severe acute malnutrition. When children 
are admitted to management centers, they are given 



a mixture of dried skimmed milk, oil, and sugar di- 
luted into clean water that may be supplemented 
with additional potassium and magnesium [23]. 

A starter diet for severe malnutrition contains 
lower protein and sodium. To minimize the risk of 
inappropriate preparation, ready-made recovery di- 
ets are now available and widely used. These are pre- 
pared using the severe acute malnutrition basic for- 
mula, with an added and improved vitamin and min- 
eral mix. 

Inpatient care demands many qualified and 
trained staff, plus a vast number of inpatients beds. 
In facilities where sufficient beds and qualified staff 
are available, compliance with the manual can guar- 
antee a decrease in fatality rates during non-emer- 
gency [27,28] and emergency interventions [29]. 

COMMUNITY MANAGEMENT OF ACU- 
TE MALNUTRITION (CMAM) 

During emergency famine situations in developing 
countries, malnutrition programs are implemented 
by international organizations with sufficient re- 
sources and qualified staff. In contrast, during 
non-emergency situations, the malnutrition in- 
patient care model is not sustainable because of poor 



Table 2. Time Frame for the Management of a Child with Severe Malnutrition 



Activity 



Initial treatment (day) 



Rehabilitation (week) Follow up (week) 



Treat or prevent: 

Hypoglycemia ► 

Hypothermia ► 

Dehydration ► 

Correct electrolyte imbalance 

Treat infection ► 

Correct micronutrient without iron with iron 

deficiencies ► < 

Begin feeding ► 

Increase feeding to recover lost 

weight ("catch- up growth") 
Stimulate emotional & 
sensorial development 

Prepare for discharge 



Cited from 'Management of Severe Malnutrition: a manual for physicians and other senior health workers, World Health Organization, 
Geneva, 1999 (available online at http:/Aww.who.int/nutrition/publications/en/manage_severe_malnutrition_eng.pdf). 
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infrastructure and the paucity of skilled health staff, 
which is estimated to be fewer than four doctors and 
22 nurses per 100,000 people [30], and in addition, 
hospital based management of malnutrition attains a 
low coverage rate, which is worsened in situations 
where dispersed communities live in chronic poverty. 

Hospital based management requires care givers 
to stay with malnourished children during the treat- 
ment period, which usually lasts several weeks. This 
translates into a substantial burden and cost of ill- 
ness if the care givers are involved in major family ac- 
tivities or if they are the principle source of income 
involved in time-consuming labor such as 
agriculture. To circumvent the need for and the bur- 
den associated with hospital based management of 
malnutrition, a CMAM approach can be implemen- 
ted based on three innovations: 1) ready-to- use 
therapeutic food (RUTF), 2) community engage- 
ment and mobilization, and 3 ) screening for malnu- 
trition in communities. These innovations are re- 
garded as essential factors to ensure that CMAM can 
become a popular,successful and effective treatment 
modality. 

RUTF 

Because of the described challenges of hospital based 
management, several trials have been conducted 
since the 1970s to decentralize the management sites 
from hospitals to community stabilization centers, 
primary health-care centers, or homes [31,32], 
However, these studies were not effective until RUTF 
was introduced in the 1990s [33]. 

Because RUTF is prepared in the form of en- 
ergy-dense pastes or biscuits containing no water, it 
does not easily support bacterial growth. RUTF is 
made from peanuts, dried milk, oil, sugar and micro- 
nutrients [20,34] and it contains more energy den- 
sity and nutritional equivalent to the milk-based for- 
mula, F 100 (Table 3 ). Thus RUTF can be stored safe- 
ly at room temperature for several months [35,36]. 
Furthermore, addition of micronutrients confers 
greater efficacy to CMAM programs based on the uti- 
lization of RUTF [34]. Additionally, children with 
malnutrition gain weight effectively when they are 



fed with RUTF [37,38]. Consequently introduction 
of RUTF has resulted in fundamental changes in the 
management of severe acute malnutrition, as 
CMAM can now take place in the community even 
during non-emergency situations [39]. 

Community engagement and mobilization 

The success of a CMAM program relies on early 
case finding, referral to the community based man- 
agement program, and effective follow up measures 
at the community. For this reason, quality engage- 
ment of the target communities is pivotal. Commun- 
ity-based programs must be contextualized for each 



Table 3. Comparison of the Nutritional Composition of Milk 
Based Formula, F100 and Ready to Use Therapeutic Food (RUTF) 





Per 


100 KJ 




F100 


RTUF 


Moisture content 


Isoosmolar 


2.5% maximum 


Energy (kj) 


414 


2,281 


Protein (g) 


6.0 


6.0 


Lipid (g) 


12.2 


15.8 


Potassium (mg) 


513.6 


487.3 


Calcium (mg) 


140.9 


140.9 


Phosphorus (mg) 


140.9 


152.9 


Magnesium (mg) 


38.2 


40.6 


Zinc (mg) 


5.0 


6.2 


Copper (mg) 


0.7 


0.7 


Iodine ( n g) 


33.4 


47.8 


Selenium ( u g) 


9.6 


14.3 


Iron (mg) 


1.0 


5.0 


Thiamine (mg) 


0.2 


0.2 


Riboflavin (mg) 


0.7 


0.7 


Vitamin B-6 (mg) 


0.2 


0.2 


Vitamin B-12 ( ug) 


0.7 


0.7 


Vitamin C (mg) 


23.4 


23.2 


Folic acid ( u g) 


93.2 


93.2 


Niacin (mg) 


2.4 


2.4 


Bio tin ( m g) 


28.7 


28.7 


Pantothenic acid (mg) 


1.4 


1.4 


Retinol ( Mg) 


372.7 


398.9 


Vitamin D ( u g) 


6.9 


6.9 


Vitamin K ( u g ) 


6.9 


9.3 


Vitamin E (mg) 


9.3 


8.8 



Cited and modified from 'Community-Based Management of 
Severe Acute Malnutrition, A Joint Statement by the World 
Health Organization, the World Food Programme, the United 
Nations System Standing Committee on Nutrition and the 
United Nations Children's Fund, May 2007 (available online at 
http://www.who.int/nutritionAopics/Statement_community_ 
based_man_sev_acute_mal_eng.pdf) and Diop el et al., 2003 [37]. 
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community where the program is implemented. This 
requires systems to ensure that information gath- 
ered during the assessment of the affected commun- 
ity guides program design and planning. Inputs into 
making the initial assessment more comprehensive 
are usually rewarded with greater sensitization of 
the population and more profound mobilization [4]. 

The identification of severe acute malnutri- 
tion in the community 

According to several studies, MUAC is a simple, 
low-cost, and objective method of assessing nutri- 
tional status [40-42]. However these studies were 
conducted in hospitals. In contrast to the hospital 
setting, where lots of confounding variables are in- 
ter-related for mortality, a recent, large-scale com- 
munity-setting study involving more than 64,000 
children in Niger indicated that MUAC has a lower 
predictive value for malnutrition compared to the 
WHZ index [43]. 

In addition, WHZ is frequently not undertaken in 
practice in sub-Saharan Africa because height is dif- 
ficult to measure accurately in children and because 
the measurement of weight depends on the presence 
of properly-calibrated and functioning scales, which 
are not often available [44,45]. 

Since each criteria has an independent predictive 
value for mortality, the WHO recommends measur- 
ing both for screening and allowing children who 
meet any of these two criteria to be admitted to the 
CMAM program [ 1 ] . 

METHODS OF COMMUNITY MANAGE- 
MENT [46] 

There are four principles that should guide CMAM 
programs: 

1. Maximum coverage and access. Since the com- 
munity based management program is operated at 
or near communities, the program should be im- 
plemented to achieve the greatest coverage by secur- 
ing maximum access to the entire population in 
need. 

2. Timeliness. Prior to progress to advanced stage, 



the severely malnourished cases should be in- 
dentified and referred to the management programs 
in earlier stages before they reach complications. If 
there are any early warning signs of famine, the case 
finding activities should be strengthened to prevent 
escalation of malnutrition cases at communities. 

3. Appropriate malnutrition care. Management 
program should be simple and effective both for se- 
verely malnourished children with or without com- 
plication, who require outpatient and inpatient care 
respectively. 

4. Care for as long as it is needed. The CMAM pro- 
gram should provide enough care until the malnour- 
ished children recover and gain more than 15% of 
body weight. As long as there are acutely malnour- 
ished children in the targeted communities, the pro- 
gram should be sustained. 

The CMAM program involves three treatment mo- 
dalities, namely: inpatients management at the sta- 
bilization center established near the target com- 
munities, outpatient management, and supple- 
mentary feeding. The choice among these three 
measures is dependent on the severity of the malnu- 
trition and associated complications. 

The start point of any CMAM program is commun- 
ity mobilization. Within the target communities, the 
voluntary health workers identify malnourished 
children utilizing MUAC and WFH criteria, along 
with visible evidence of malnutrition and pitting 
edema. Each identified child is referred to a 
Stabilization Center (SC), an Outpatient Treatment 
Program (OTP), or a Supplemental Feeding Program 
(SFP), according to the severity of her/his malnu- 
trition (Fig. 1). 

Inpatient Treatment at SC 

The SC is designed to accommodate severely mal- 
nourished children with medical complications 
and/or anorexia. At the SC, life -threatening compli- 
cations are identified and treated; specific deficien- 
cies are corrected; metabolic abnormalities are re- 
versed and feeding begins with a formula with less 
osmolarity, F 75 [20]. This treatment follows the 
phase I protocols laid out by the WHO, with minor 
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Acute malnutrtion in children 



With complication 



Bilateral pitting edema +++ 
Or: Marasmic-Kwarshiorkor 
Or: MUAC <125 mm 
Or bilateral pitting edema 
And one of the following 

Anorexia 
Lower respiratory tract 
Infection 
High fever 
Severe dehydration 
Severe anemia 

Not alert 
Hypoglycemia 
Hypothermia 



Stabilization Center (SC) 



Without complication 



MUAC <1 15 mm 
Or: bilateral pitting edema 
+ or ++ 
And: 
Appetitie 
Clinically well 
Alert 

I 

Outpatient Therapeutic 
Program (OTP) 



MUAC <125 mm 
And: no bilateral pitting edema 
And: 
Appetitie 
Clinically well 
Alert 



Supplemental Feeding Program 
(SFP) 



Fig, 1. Triage of children with acute malnutrition. Cited and modified from 'Community Based Therapeutic Care, A Field Manual, First 
Edition.Valid International 2006 (available online at http://www.fantaproject.org/downloads/pdfs/CTC_Manual_vl_Oct06.pdf). 



Table 4. Composition of F 75 and F 100 Diet 



Constituents 


Amount 


F 75 


F 100 


Energy 


75 kcal (315 kJ) 100 kcal (420 kj) 


Protein 


0.9 g 


2.9 g 


Lactose 


1-3 g 


4.2 g 


Potassium 


3.6 mmol 


5.9 mmol 


Sodium 


0.6 mmol 


1.9 mmol 


Magnesium 


0.43 mmol 


0.73 mmol 


Zinc 


2.0 mg 


2.3 mg 


Copper 


0.25 mg 


0.25 mg 


Percentage of energy from: 






Protein 


5% 


12% 


Fat 


32% 


53% 


Osmolarity 


333 mOsmol/L 


419 mOsmol/L 



Cited from 'Management of Severe Malnutrition: A manual for 
physicians and other senior health workers, World Health 
Organization, Geneva, 1999 (available online at http://www.who. 
int/nutrition/publications/en/manage_severe_malnutrition_eng.pdf). 



adaptations that replace F 100 milk with RUTF at the 
end of phase 1 [20] (Table 4). 

OTP 

Children with severe acute malnutrition without 



medical complications are referred to an OTP. They 
appear at an OTP site weekly or biweekly to receive 
RUTF, a course of oral broad-spectrum antibiotics, 
antihelminthic treatment, folic acid, and, if appro- 
priate, vitamin A, measles vaccination, and anti- 
malarial drugs. 

OTP involves two ways of admissions: 

- Admitted from the targeted communities 
Children with severe acute malnutrition with no 

complications are referred directly from the targeted 
communities by community health workers. 

- Referred from the SC 

The severely malnourished children with compli- 
cations who are provided appropriate medical care so 
as to recover from life threatening complications are 
referred to the OTP. 

Supplementary Feeding Program 

According to the CMAM manual, those with mod- 
erate acute malnutrition without medical complica- 
tions are to be referred to a SFP. Here, the patients 
are provided with dry rations. Generally SFPs are of- 
ten operated in disaster situations, and rarely in de- 
velopmental settings. At the SFP sites, children are 
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often offered basic health care including immuniza- 
tion and hygiene and sanitation training and so on. 
It is recommended that all children with severe acute 
malnutrition be offered at least two months of follow 
up after they have been discharged from the OTP. 

OUTCOME 

The mortality rate for severe acute malnutrition 
cases in health facilities is high in developmental set- 
tings, reaching levels of 20% to 30% for wasting only 
and 50% to 60% for kwashiorkor, a form of malnu- 
trition that occurs when there is not enough protein 
in the diet [47]. 

However treatment implemented in specialist 
units have achieved case fatality rates on the order of 
1% to 5% [28,48,49] . Mortality rates achieved by hu- 
manitarian agencies treating acute malnutrition 
during emergencies have also been significantly re- 
duced, often belowthe 10% level [23,29,50,51]. The 
results are consistent with a recent analysis involv- 
ing around 87,000 children with severe acute malnu- 
trition in Niger, Malawi, Ethiopia, and North and 
South Sudan, which revealed mortality rates of 4-5% 
[33,52,53]. Recovery rates and drop out rate were 
around 80%, and 11%, respectively [33]. In Niger, a 
study involving 632 infants aged below 6 months 
showed a mortality rate of 6% [54]. 

Out of all children with severe acute malnutrition 
who were referred to CMAM, more than 70% were 
treated solely in outpatient program [52,55], imply- 
ing that OTP is the main form of community man- 
agement of severe acute malnutrition. The overall 
coverage was predominantly above 70% [39,55] a 
figure that is higher than in centre-based programs, 
where coverage is often less than 10% [56,57]. 

The data of community based programs satisfy the 
international standards for malnutrition treatment 
in emergency situations. As for mortality rate, the re- 
sults far surpass the Sphere project minimum stand- 
ards demanding the mortality rate to keep below 
10% [51]. 

In addition, CMAM programs are favorable for 
children living with HIV/AIDS. Recent data of chil- 



dren with HIV infection show a synergistic effect be- 
tween community-based therapeutic care and anti- 
retroviral- treatment programs against HIV/AIDS. 
For children living with HIV/AIDS who were referred 
to decentralized malnutrition management pro- 
grams, despite their slow weight gain and higher 
mortality rates compared with HIV negative chil- 
dren, more than half of the children living with 
HIV/AIDS reached more than 90% Weight/Height 
[58-60]. 

Over a six month follow-up period of 124 children 
after discharge, 17.8% relapsed and another 5 chil- 
dren died, indicating children should be followed up 
even after "fully" recovering [61]. Collaborating and 
promoting additional complementary development 
programs to address the root causes of malnutrition 
and key health issues would decrease the relapse rate. 

Recent data from Bangladesh also indicates that 
the average cost for a child to recover from severe 
acute malnutrition in community treatment was 
one-sixth that of inpatient treatment (US$26 vs. 
US$1,344 per disability-adjusted life year [62]. 

Based on data from two programs implemented by 
Concern Worldwide and designed for emergency re- 
sponses to famine, the estimated cost per case man- 
agement ranged between 101 and 197USD, which 
translates into 12-132 USD for each year of life 
gained [4]. 

However, the actual cost is dependent on other var- 
iables, such as disease prevalence, the number of cas- 
es, accessibility to the management centers, and 
case-fatality rate in untreated cases [4,55]. The esti- 
mated cost for community management of acute 
malnutrition consistently falls below the 150 USD 
upper threshold criteria of 'highly cost-effective' in- 
terventions suggested by the World Bank. The 
cost-effectiveness of CMAM programs is therefore 
analogous to that of other high-impact measures in- 
cluding vitamin A supplementation, oral rehydration 
therapy for diarrheal disease, and introduction of an- 
tibiotics for acute respiratory tract infection [57]. 



216 



Vol. 15, No. 4, December 2012 



Se-Eun Park, et al : CMAM in the Developing World 



CONCLUSION AND SUGGESTION 

RUTF is an innovation that, together with com- 
munity mobilization and effective screening, has 
made it possible to treat malnourished children at 
communities under highly cost-effective CMAM 
programs. 

However there is still some room for improve- 
ment. WHO and UNICEF recommend to four critera 
for admission into CMAM, including: weight for 
height, visible severe wasting, presence of edema, 
and MUAC. As stated earlier, the weight for height 
criteria is difficult to measure accurately in children, 
while the measurement of weight depends on the 
presence of properly-calibrated and functioning 
scales, which are not readily available in some 
settings. Thus, new simple and practival WHO in- 
clusion/admission criteria should be introduced. 
Furthermore, there is a need for more knowledge on 
the potential benefits of administering systematic 
antibiotic therapy and on feasible methods for the 
dietary management of severe malnutrition in chil- 
dren below 6 months of age. 

More importantly, despite the existing data doc- 
umenting the efficacy of CMAM programs, the pro- 
grams often catch inadequate attention. Thus the 
program should be integrated into routine health 
systems. Simultaneous development projects related 
to basic infrastructure for clean water and sanitation 
facilities, roads and transportation systems, and sus- 
tainable household incomes to secure food sources 
could facilitate the success of future CMAM pro- 
grams and reduce the rate of malnutrition relapse 
among children. 
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